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
7KHDUWLFOHPXVWFRQWDLQDIDPLO\FDUHU¶VDFFRXQWRI%36'DQGRUUHDVRQVZK\WKH\IHOW
WKHVHZHUHFKDOOHQJLQJ
([FOXVLRQ&ULWHULD
5HYLHZV
&RQIHUHQFHSURFHHGLQJVFRQIHUHQFHDEVWUDFWVWKHVHVVXSSOHPHQWVUHSRUWVOHWWHUVDQG
QRQSHHUUHYLHZHGDUWLFOHV
$IWHUVHDUFKLQJWKHVL[HOHFWURQLFGDWDEDVHVZHLGHQWLILHGDWRWDORIDUWLFOHVDQGH[SRUWHG
WKHPLQWRDUHIHUHQFHPDQDJLQJVRIWZDUH(QGQRWHQG9HUVLRQ;&ODULYDWH$QDO\WLFV
ZKHUHVXEVHTXHQWO\GXSOLFDWHVZHUHUHPRYHG)RUPRUHFDVHH[DPSOHVRIVHDUFKVWUDWHJLHV
SOHDVHUHIHUWR$RLIH02¶%ULHQDQG&RQRU0F*XFNLQ¶V 7KH6\VWHPDWLF/LWHUDWXUH5HYLHZ
0HWKRG7ULDOVDQG7ULEXODWLRQVRI(OHFWURQLF'DWDEDVH6HDUFKLQJDW'RFWRUDO/HYHO
'HFLGLQJ:KDW,V5HOHYDQWWRWKH,QLWLDO,QWHUHVW
$OH[DQGUDDQG1LQDUHDGWKHWLWOHVDQGDEVWUDFWVRIDOOUHIHUHQFHV2IWKRVHLQLWLDOUHIHUHQFHV
VWXGLHVPHWWKHLQFOXVLRQFULWHULDDQGZHUHFDUULHGIRUZDUGIRUDVVHVVPHQWRIWKHIXOOWH[W
5HDVRQVIRUH[FOXVLRQDWWKLVVWDJHZHUHPDLQO\GXHWRWKHDUWLFOHQRWLQFOXGLQJSHRSOHZLWK
GHPHQWLD)ROORZLQJWKHIXOOWH[WDVVHVVPHQWVWXGLHVPHWWKHHOLJLELOLW\FULWHULDVLQFHWKH\
LQFOXGHGGDWDRILQWHUHVW$WWKLVVWDJHDUWLFOHVZHUHSULPDULO\H[FOXGHGLIWKH\GLGQRWSURYLGH
DQDFFRXQWH[SODLQLQJZK\EHKDYLRUVZHUHSHUFHLYHGDVFKDOOHQJLQJ8QOLNHPHWDDQDO\VHV
ZKLFKIROORZWKH35,60$UHSRUWLQJJXLGHOLQHVWKHUHDUHQRJXLGHOLQHVIRUWKLVVWDJHRIPHWD
V\QWKHVLV
,WZDVGXULQJWKLVVWDJHWKDWWKHYROXPHRIVWXGLHVVWDUWHGWREHFRPHXQPDQDJHDEOHVRZH
VRXJKWDGYLFHIURPPHWDHWKQRJUDSKLFDOH[SHUWV'U6KDZ'U3RXQG'U0DOSDVVDQG
3URIHVVRU%ULWWHQZKRPZHLGHQWLILHGYLDWKHLUSXEOLFDWLRQVDQGFRQWDFWHGYLDHPDLO(DFKRI
WKHH[SHUWVDGYLVHGWKDWPHWDHWKQRJUDSKLFUHYLHZVGRQRWXVXDOO\FRQVLVWRIPRUHWKDQ
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
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VWXGLHVDQGWKDWRXUKLJKQXPEHURIVWXGLHVZRXOGEHOLNHO\WRWKUHDWHQWKHLQWHUSUHWDWLYH
LQWHJULW\DQGYDOLGLW\RIWKHPHWDHWKQRJUDSKLFSURFHVV
%HFDXVHRIWKHODFNRIJXLGDQFHRQUHGXFLQJWKHQXPEHURIVWXGLHVWKHUHYLHZWHDPEDVHGRQ
WKHDGYLFHIURPWKHPHWDHWKQRJUDSKLFDOH[SHUWVGLVFXVVHGDQGDJUHHGWKDWDV\VWHPDWLF
VROXWLRQZRXOGEHWRLPSOHPHQWDTXDOLW\WKUHVKROGXVLQJWZRTXDOLW\DSSUDLVDOVZKLFKZRXOG
DGGUHVVWKHEDODQFHEHWZHHQTXDOLW\DQGTXDQWLW\WKXVUHGXFLQJWKHLQFOXGHGQXPEHURI
VWXGLHVWR
,QFRPSDULVRQWRPHWDDQDO\VHVRITXDQWLWDWLYHVWXGLHVTXDOLW\DSSUDLVDOVWRROVVXFKDVWKH
/HYHOVRI(YLGHQFHDSSURDFK/2( KWWSZZZFHEPQHWOHYHOVBRIBHYLGHQFHDVSOHYHOVDUH
FRPPRQ7KLVTXDOLW\DSSUDLVDOWRROSURYLGHVJXLGDQFHIRUUHYLHZHUVWRDVVLJQD/2(JUDGHWR
VWXGLHVDFFRUGLQJWRWKH2[IRUG&HQWUHIRU(YLGHQFH%DVHG0HGLFLQH&(%0/R(JUDGHV
UDQJHIURPZLWKORZHUQXPEHUVLQGLFDWLQJKLJKHUTXDOLW\5DQGRPL]HGFRQWUROOHGWULDOV
5&7VZLWKQDUURZFRQILGHQFHLQWHUYDOVDQGRUPRUHSDUWLFLSDQWIROORZXSDUHJUDGHGDV
/HYHOVWXGLHVDQGVLQJOHFDVHUHSRUWVDUHJUDGHGDV/HYHO+RZHYHUWKLVW\SHRITXDOLW\
DSSUDLVDOZDVQRWDSSURSULDWHDVZHGLGQRWZLVKWRH[FOXGHVWXGLHVEDVHGRQWKHLUUHVHDUFK
GHVLJQ:HWKHUHIRUHFKRVHTXDOLW\DSSUDLVDOVGHVLJQHGIRUTXDOLWDWLYHVWXG\GHVLJQVDQGWKHQ
DOOW\SHVRITXDQWLWDWLYHVWXG\GHVLJQV
7KLVGHFLVLRQZDVUHIOHFWHGLQRXUUHYLVHGSURWRFROZKHUHZHDGGHGDGGLWLRQDOLQFOXVLRQFULWHULD
VWXGLHVRIKLJKTXDOLW\ZLWKRYHURQWKH&ULWLFDO$SSUDLVDO6NLOOV3URJUDPPH&$63
FKHFNOLVWRURYHURQWKH'RZQVDQG%ODFN&KHFNOLVWDVGHVFULEHGE\1DGLD
&UHOOLQDQGFROOHDJXHVDQG9DQHVVD/DZUHQFH)RVVH\%DOODUG0RQL]&RRNDQG
0XUUD\7KUHHUHYLHZHUV$OH[DQGUD)HDVW:LOOLDP3HDUVRQDQG&KDUORWWH6WRQHU
DVVHVVHGWKHLQFOXGHGDUWLFOHVIRUPHWKRGRORJLFDOTXDOLW\DQGGLVDJUHHPHQWVZHUHUHVROYHGE\
GLVFXVVLRQ
7KHILUVWFKHFNOLVWZDVWKH'RZQVDQG%ODFN&KHFNOLVWFRQVLVWLQJRITXHVWLRQVZKLFKZH
XVHGWRDVVHVVWKHTXDOLW\RITXDQWLWDWLYHVWXGLHVE\LGHQWLI\LQJZKHWKHUWKHDXWKRUVKDYH
UHSRUWHGHOHPHQWVRIWKHVWXG\FOHDUO\ZKHWKHUWKHILQGLQJVRIWKHVWXG\FDQEHJHQHUDOL]HGWR
WKHSRSXODWLRQIURPZKLFKWKHVWXG\VXEMHFWVZHUHGHULYHGDQGZKHWKHUWKHUHLVDQ\HYLGHQFH
RIELDVDIIHFWLQJWKHLQWHUQDOYDOLGLW\RIWKHVWXG\:HXVHGTXDOLW\WKUHVKROGVHPSOR\HGLQ
&UHOOLQDQGFROOHDJXHV¶UHFHQWUHYLHZDQGDERYHZHUHUDWHGDVKLJKTXDOLW\
UDWHGDVPRGHUDWHTXDOLW\DQGORZHUWKDQZHUHUDWHGDVORZTXDOLW\
7KHVHFRQGTXDOLW\DSSUDLVDOZDVWKH&$63FKHFNOLVWIRUHYDOXDWLRQRITXDOLWDWLYHVWXGLHV7KLV
FRQVLVWVRITXHVWLRQVZKLFKDSSUDLVHZKHWKHUWKHUHVHDUFKZDVYDOLGHWKLFDOULJRURXV
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8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
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FOHDURIYDOXHWRUHVHDUFKEDVHGOLWHUDWXUHSUHVHQWSROLF\WUDQVIHUDEOHWRRWKHUSRSXODWLRQV
DQGKHOSIXOLQLGHQWLI\LQJQHZDUHDVZKHUHUHVHDUFKLVQHFHVVDU\/DZUHQFHDQGFROOHDJXHV
GHILQHGDVFRUHRIDQGDERYHDVUHDVRQDEOHTXDOLW\VRZHXVHGWKHVDPHFXWRIISRLQWIRU
LQFOXVLRQLQRXUVWXG\7KLVSUDJPDWLFGHFLVLRQWRXVHWKLVDUELWUDU\FXWRIIZDVPDGHWREDODQFH
WKHTXDOLW\DQGTXDQWLW\LQWKHDEVHQFHRIRWKHUH[DPSOHVRUJXLGDQFHWRIROORZ7KHDUWLFOHZH
GUHZRQ/DZUHQFHHWDOZDVFRDXWKRUHGE\RQHRIRXUWHDP(VPH0RQL]&RRNDQG
ZHZHUHDZDUHWKDWDWWKHWLPHRISXEOLFDWLRQWKHWKHQUHYLHZHUVRIWKLVDUWLFOHUHTXHVWHGVXFK
DFXWRIISRLQW7KUHVKROGVIRUSRRUDQGPHGLXPTXDOLW\UHPDLQHGWKHVDPHIRUDOOVWXG\
GHVLJQV)RUVWXGLHVZLWKDPL[HGPHWKRGGHVLJQZHXVHGWKH&$63FKHFNOLVWWRDVVHVV
TXDOLW\
:HFDOFXODWHG.DSSDVFRUHVWRPHDVXUHOHYHOVRILQWHUUDWHUDJUHHPHQWEHWZHHQUHVHDUFKHUV
,QOLQHZLWKWKHDSSURDFKWDNHQE\5RQD&DPSEHOODQGFROOHDJXHVZHIRXQGWKDW
GLIIHUHQFHVEHWZHHQDVVHVVRUVWHQGHGWRDULVHEHFDXVHRIYDU\LQJLQWHUSUHWDWLRQVRIVRPH
DSSUDLVDOTXHVWLRQVDQGYDU\LQJXQGHUVWDQGLQJVRIWKHDXWKRUV¶ZRUN&DPSEHOODQG
FROOHDJXHVDOVRUHPDUNHGWKDWWKHUHSRUWLQJRITXDOLWDWLYHUHVHDUFKPHWKRGVZDVRIWHQSRRU
ZKLFKZDVWKHURRWRIPRVWGLIIHUHQFHVRIRSLQLRQ2XUPHWDHWKQRJUDSKLFUHYLHZWRRXU
NQRZOHGJHKDVWKHODUJHVWQXPEHURILQFOXGHGVWXGLHVZLWKDUDQJHRIPHWKRGRORJLHVDQGLV
WKHRQO\UHYLHZWRXVHFULWLFDODSSUDLVDOWRDGGUHVVWKHEDODQFHEHWZHHQVWXG\TXDOLW\DQGWKH
QXPEHURIVWXGLHV
5HDGLQJWKH6WXGLHV
,WZDVDWWKLVVWDJHWKDWWKHV\QWKHVLVSURFHVVEHJDQ7RIDFLOLWDWHWKHOHDUQLQJSURFHVV
GHILQLWLRQVRIPHWDHWKQRJUDSK\WHUPLQRORJ\DUHSURYLGHGLQ)LJXUH
)LJXUH'HILQLWLRQRIILUVWVHFRQGDQGWKLUGRUGHUFRQVWUXFWV1REOLW	+DUH
$GDSWHGIURPWKHZRUNRI0DOSDVVHWDOIRUWKLVSDUWLFXODUUHYLHZ
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'XULQJWKLVSKDVH$OH[DQGUDDQG1LQDLQGHSHQGHQWO\FDUHIXOO\UHDGDQGUHUHDGWKHVWXGLHV
ZKLFKPHWWKHLQFOXVLRQFULWHULD6XEVHTXHQWO\WKH\H[WUDFWHGGDWDFRQFHUQLQJWKH
FKDUDFWHULVWLFVRIWKHVWXG\VDPSOHVIDPLO\FDUHUDQGWKHSHUVRQZLWKGHPHQWLDVWXG\VHWWLQJ
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
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%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
3DJHRI
PHWKRGVDQGUHVXOWV7KLVLQIRUPDWLRQZRXOGODWHUSURYLGHWKHFRQWH[WIRUWKHLQWHUSUHWDWLRQV
DQGH[SODQDWLRQRIHDFKVWXG\DQGDOVRDLGWKHGHYHORSPHQWRIWKHOLQHRIDUJXPHQWDQDO\VLV
([WUDFWHGGDWDZHUHWDEXODWHGZLWKGLUHFWTXRWHVRUSDUDSKUDVLQJXVHGWRSUHVHUYHWKH
FRQWH[WXDOPHDQLQJRIWKHILUVWRUGHUFRQVWUXFWVZKHUHYHUSRVVLEOH$QHIIRUWZDVPDGHWR
HQVXUHVHFRQGRUGHUFRQVWUXFWVSUHVHUYHGWKHRULJLQDOWHUPLQRORJ\XVHGE\WKHDXWKRUVLQWKH
DUWLFOH(DFKILUVWDQGVHFRQGRUGHUFRQVWUXFWZDVWKHQH[WUDFWHGLQGHSHQGHQWO\E\$OH[DQGUD
DQG1LQD7KHVHGDWDH[WUDFWLRQVZHUHH[DPLQHGDQGGLVFXVVHGWRHQVXUHDJUHHPHQWEHWZHHQ
$OH[DQGUDDQG1LQDDQGDOVRWRHQVXUHWKHVHFRQGRUGHUFRQVWUXFWVZHUHJURXQGHGLQIDPLO\
FDUHUJHQHUDWHGGDWDILUVWRUGHUFRQVWUXFWVWRLGHQWLI\DQ\SRWHQWLDOELDVRQWKHDXWKRUV¶SDUW
'HWHUPLQLQJ+RZWKH6WXGLHV$UH5HODWHG
5RQD&DPSEHOODQGFROOHDJXHVKDYHVXJJHVWHGWKDWWKHRUGHURIV\QWKHVLVLQJWKHW\SHVRI
HYLGHQFHPLJKWDIIHFWWKHWUDQVODWLRQSURFHVVRIWKHV\QWKHVLVVLQFHWKHRUGHULQZKLFKWKH
UHYLHZHUGHFLGHVWRV\QWKHVL]HLVLQLWVHOILVDQLQLWLDODVSHFWRIWKHSURFHVVRILQWHUSUHWDWLRQ7KLV
DVSHFWRIPHWDHWKQRJUDSK\LPSOHPHQWDWLRQLVVWLOOXQGHUGHYHORSHGDQGWKHUHIRUHQHHGVWREH
H[SORUHG+RZHYHULQWKHDEVHQFHRIJXLGDQFHZHGHFLGHGWKDWRQHZD\WRPLQLPL]HWKLV
SRWHQWLDOLPSDFWZDVWRRUJDQL]HWKHLQFOXGHGVWXGLHVDOSKDEHWLFDOO\UHJDUGOHVVRIWKHLU
PHWKRGRORJ\EHIRUHEHJLQQLQJGDWDH[WUDFWLRQ2XUPHWKRGRIRUJDQL]DWLRQFRQVHTXHQWO\
LQYROYHGQRLQLWLDOSURFHVVRILQWHUSUHWDWLRQRUMXGJPHQWVRIWKHTXDOLW\RIHYLGHQFHE\
PHWKRGRORJLFDODSSURDFKDQGWKHUHIRUHDIIHFWHGWKHWUDQVODWLRQSURFHVVLQDSURFHGXUDO
PDQQHUUDWKHUWKDQDGGLQJDQRWKHUOHYHORILQWHUSUHWDWLRQ
$OH[DQGUDDQG1LQDWKHQWDEXODWHGWKHH[WUDFWHGGDWDZLWKGLUHFWTXRWHVRUE\XVLQJ
SDUDSKUDVLQJWRSUHVHUYHWKHFRQWH[WXDOPHDQLQJRIWKHILUVWRUGHUFRQVWUXFWVZKHUHYHU
SRVVLEOH$QHIIRUWZDVPDGHWRHQVXUHVHFRQGRUGHUFRQVWUXFWVSUHVHUYHGWKHRULJLQDO
WHUPLQRORJ\XVHGE\WKHDXWKRUVLQWKHDUWLFOH$OH[DQGUDDQG1LQDLQGHSHQGHQWO\H[WUDFWHG
HDFKILUVWDQGVHFRQGRUGHUFRQVWUXFW7KHGDWDH[WUDFWLRQVZHUHH[DPLQHGDQGGLVFXVVHG
WKURXJKRXWWKLVSURFHVVWRHQVXUHDJUHHPHQWEHWZHHQ$OH[DQGUDDQG1LQDDQGDOVRWRHQVXUH
WKHVHFRQGRUGHUFRQVWUXFWVZHUHJURXQGHGLQIDPLO\FDUHUJHQHUDWHGGDWDILUVWRUGHU
FRQVWUXFWVLQRUGHUWRLGHQWLI\DQ\SRWHQWLDOELDVRQWKHDXWKRUV¶SDUW
%HFDXVHPHWDHWKQRJUDSK\ZDVRULJLQDOO\GHYHORSHGDVDPHWKRGIRUV\QWKHVL]LQJTXDOLWDWLYH
GDWDDVZHH[SHFWHGWKHUHZHUHQRFKDOOHQJHVZKHQH[WUDFWLQJILUVWRUGHUFRQVWUXFWVIURPWKH
TXDOLWDWLYHVWXGLHV+RZHYHUWKLVZDVQRWWKHFDVHZLWKWKHTXDQWLWDWLYHVWXGLHV'DWDH[WUDFWLRQ
IURPVWDQGDUGL]HGTXHVWLRQQDLUHVZLWKLQWKHTXDQWLWDWLYHVWXGLHVYDULHGLQFRPSOH[LW\DQG
W\SLFDOO\WKLVZDVGHSHQGHQWRQWKHTXDQWLW\RIUHVXOWVSUHVHQWHGZLWKLQWKHDUWLFOHV6SHFLILF
H[DPSOHVRIWKHFKDOOHQJHVRIH[WUDFWLQJFDUHUV¶UHVSRQVHVWRVWDQGDUGL]HGTXHVWLRQQDLUHV
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DERXW%36'LQDTXDOLWDWLYHIRUPDUHSUHVHQWHGDQGGLVFXVVHGLQWKHIROORZLQJSDUDJUDSKV
,WZDVSRVVLEOHWRGHULYHDILUVWRUGHUFRQVWUXFWZKLFKVWDWHGWKDWEHKDYLRUVZHUH³FKDOOHQJLQJ
GXHWRDUHODWLYHQRORQJHUVKRZLQJLQWHUHVW´LIVWXGLHVUHSRUWHG³DSDWK\´DVPHDVXUHGE\WKH
1HXURSV\FKLDWULF,QYHQWRU\LQWKHUHVXOWVWDEOH&XPPLQJVHWDOKDGPXFKKLJKHU
GLVWUHVVVFRUHVRUZDVWKHRQO\EHKDYLRUZKLFKZDVUHSRUWHGDVGLVWUHVVLQJLQFRPSDULVRQWR
WKHRWKHUW\SHVRIEHKDYLRU+RZHYHULQFDVHVZKHUHIRUH[DPSOHWKUHHRUIRXUEHKDYLRUVZHUH
UHSRUWHGWRHOLFLWVLPLODUOHYHOVRIGLVWUHVVLWZDVQRWSRVVLEOHWRH[WUDFW³%36'DUHFKDOOHQJLQJ´
DVDILUVWRUGHUFRQVWUXFW,QWKHVHVLWXDWLRQVZHDJUHHGWRH[WUDFWGDWDFRQFHUQLQJWKHWRS
PRVWFKDOOHQJLQJEHKDYLRUVDQGWKHUHDVRQVZK\WRIROORZDV\VWHPDWLFSURFHVVIRUDOOLQFOXGHG
VWXGLHVZKLFKLQWXUQDOVRPDGHWKHV\QWKHVLVPRUHPDQDJHDEOH
([WUDFWLQJVHFRQGRUGHUFRQVWUXFWVIURPTXDQWLWDWLYHDQGPL[HGPHWKRGVWXGLHVZDVOHVV
SUREOHPDWLFEHFDXVHZLWKWKHVHGDWDWKHDXWKRUV¶LQWHUSUHWDWLRQRIFDUHUV¶YLHZVZHUHDOO
TXDOLWDWLYH$IXUWKHUFKDOOHQJHZHHQFRXQWHUHGZKHQLQFOXGLQJTXDQWLWDWLYHDQGPL[HGPHWKRG
VWXGLHVZDVWKDWWKHPHWKRGVDQGUHVXOWLQJGDWDZHUHW\SLFDOO\ZHLJKWHGWRZDUGWKHVWUXFWXUHRI
WKHTXHVWLRQQDLUHIRUH[DPSOHWKH1HXURSV\FKLDWULF,QYHQWRU\%HFDXVHRIWKLVLWZDVQRW
SRVVLEOHWRH[WUDFWILUVWRUVHFRQGRUGHUFRQVWUXFWVIRURIWKHLQFOXGHGVWXGLHVVLQFH
WKH\GLGQRWRIIHUGDWDIRUV\QWKHVLVWKDWIRFXVHGRQLGHQWLI\LQJWKHXQGHUO\LQJUHDVRQVZK\
FDUHUVPLJKWEHGLVWUHVVHGE\%36'
7UDQVODWLQJWKH6WXGLHV,QWR2QH$QRWKHU
)ROORZLQJWKHH[WUDFWLRQRIWKHILUVWDQGVHFRQGRUGHUFRQVWUXFWV1REOLWDQG+DUH
UHFRPPHQGFUHDWLQJDOLVWRIWKHPHVIRUHDFKLQFOXGHGVWXG\7KLVKHOSVWRIDFLOLWDWHWKH
SURFHVVRIH[SORUDWLRQMX[WDSRVLWLRQDQGFRPSDULVRQ)URPWKLVVWDJHRQZDUGVWUDQVODWLRQ
RFFXUV7UDQVODWLRQGHVFULEHVWKHQRWLRQWKDWWKHUHYLHZDXWKRUQRORQJHUXVHVWKHWHUPLQRORJ\
SUHVHQWHGLQWKHLQFOXGHGDUWLFOHVEXWXVHVWKHLURZQ³LQWHUSUHWDWLYHODQJXDJH´WRLGHQWLI\
WKHPHVUHODWHGWRWKHUHYLHZTXHVWLRQ7KLVPHDQVLPSRVLQJDQRWKHUOHYHORILQWHUSUHWDWLRQEXW
QRIXUWKHUFRQFHSWXDOGHYHORSPHQW0DOSDVVHWDO$OH[DQGUDDQG1LQDLQGHSHQGHQWO\
LGHQWLILHGWKHWKHPHVIRUHDFKLQFOXGHGVWXG\ZKLFKZHUHXVHGWRVXPPDUL]HWKHLQIRUPDWLRQ
IURPWKHILUVWDQGVHFRQGRUGHUFRQVWUXFWVZKLOHWDNLQJVSHFLDOFDUHWRSUHVHUYHWKHRULJLQDO
FRQWH[WXDOPHDQLQJRIWKHIDPLO\FDUHUV$OH[DQGUDDQG1LQDGLVFXVVHGWKHVHWKHPHVWRHQVXUH
UHOLDELOLW\DWZKLFKSRLQWDQ\GLVFUHSDQFLHVZHUHGLVFXVVHGXQWLODUHVROXWLRQZDVDFKLHYHG
6\QWKHVL]LQJ7UDQVODWLRQV
$OH[DQGUDDQG1LQDWKHQLQGHSHQGHQWO\SHUIRUPHGUHFLSURFDODQGUHIXWDWLRQDODQDO\VLVWR
VXPPDUL]HVKDUHGWKHPHVDFURVVVWXGLHV
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
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6LPLODUO\RYHUDUFKLQJWKHPHVNQRZQDVWKLUGRUGHUFRQVWUXFWVZHUHLGHQWLILHGDQGGHYHORSHG
DFURVVWKHGDWDUHFLSURFDOV\QWKHVLVDQGDQ\FRQWUDGLFWLRQVEHWZHHQVWXGLHVZHUHDOVR
H[SORUHGUHIXWDWLRQDOV\QWKHVLVDQGH[SODLQHGZLWKLQWKHPHFDWHJRULHVGLIIHUHQFHVEHWZHHQ
WKHPHVZHUHJURXSHGDQGZLWKLQHDFKWKLUGRUGHUFRQVWUXFW&RQFHSWXDOPDSVZHUHFUHDWHG
IRUHDFKWKLUGRUGHUFRQVWUXFWWRDLGLQWKHRUJDQL]DWLRQSURFHVVDQGWRLOOXVWUDWHWKH
UHODWLRQVKLSVEHWZHHQWKHWKHPHVDQGWKHPHFDWHJRULHV
7KLVPHDQWWKDWVLPLODUWKHPHVZHUHJURXSHGWRJHWKHUWKURXJKWKHSURFHVVRIUHFLSURFDO
V\QWKHVLVIRUH[DPSOH³UHSHWLWLYHLQWHUDFWLRQV´DQG³GHFOLQHLQFRQYHUVDWLRQ´ZHUHVXPPDUL]HG
ZLWKLQWKHWKHPHFDWHJRU\RI³FKDQJHVLQFRPPXQLFDWLRQ´7KHVHWKHPHFDWHJRULHVDQGWKLUG
RUGHUFRQVWUXFWVZHUHFRQWLQXDOO\HYROYHGE\UHFLSURFDOV\QWKHVLVXVLQJUHYLHZHULQWHUSUHWDWLRQ
WRFUHDWHDQRYHUDUFKLQJWHUPZKLFKUHSUHVHQWHGWKHVXEWKHPHVDSSURSULDWHO\$OH[DQGUDDQG
1LQDGLVFXVVHGWKHVHWKHPHVXQWLODJUHHPHQWZDVDFKLHYHG
$OLQHRIDUJXPHQWDQDO\VLVZDVFRQVWUXFWHGIURPWKHWKLUGRUGHUFRQVWUXFWV7KHDLPZDVWR
GHSLFWWKHPRVWDSSURSULDWHXQGHUVWDQGLQJRIWKHUHDVRQVIRUYDULDWLRQLQIDPLO\FDUHJLYHU
UHVSRQVHVWR%36'7KHOLQHRIDUJXPHQWDSSURDFKPHDQVWKDWWKHUHLVDQLQWHUSUHWDWLRQRIWKH
UHODWLRQVKLSEHWZHHQWKHPHVZKLFKIXUWKHUHPSKDVL]HVDNH\FRQFHSWWKDWPD\EHKLGGHQ
ZLWKLQLQGLYLGXDOVWXGLHVLQRUGHUWRGLVFRYHUWKHZKROHIURPDVHWRISDUWV1REOLW	+DUH
7KLVKLJKHUOHYHOLQWHUSUHWDWLYHV\QWKHVLVLVH[SODQDWRU\LQQDWXUHWKXVSURYLGLQJVFRSHIRU
GHYHORSLQJQHZLQVLJKWV,QWKLVFDVHRXUDLPZDVWRLPSURYHXQGHUVWDQGLQJVRIZK\WKHUHLV
ZLGHYDULDWLRQLQFDUHJLYHUUHVSRQVHVWR%36'DQGWRFRQGXFWDGHWDLOHGVWXG\RIWKH
VLPLODULWLHVDQGGLIIHUHQFHVRIWKHLQFOXGHGVWXGLHVE\ZULWLQJDQLQWHJUDWHGFRKHVLYHQDUUDWLYH
ZLWKLQDQHZLQWHUSUHWDWLYHFRQWH[W1REOLW	+DUH
7KHGUDIWV\QWKHVLVZDVSUHVHQWHGWRWKHHQWLUHUHYLHZWHDPZKLFKLQFOXGHGWZRUHVHDUFK
SV\FKRORJLVWV$OH[DQGUDDQG1LQDDQROGDJHSV\FKLDWULVW0DUWLQWZRFOLQLFDOSV\FKRORJLVWV
*HRUJLQDDQG(VPHDQGDTXDOLWDWLYHUHVHDUFKHU)LRQD*HRUJLQD(VPH$OH[DQGUDDQG
1LQDZHUHHVSHFLDOO\LQYROYHGLQWKHOLQHRIDUJXPHQW7KHZLGHUUHYLHZWHDPZHUHDVNHGIRU
WKHLUFULWLTXHRIWKHV\QWKHVLV7KLVLQFOXGHGDVNLQJIRUFODULILFDWLRQRIWKHPHLGHQWLILFDWLRQDQG
WKHUHODWLRQVKLSVEHWZHHQDQGZLWKLQWKHWKLUGRUGHUFRQVWUXFWV7KXVGLIIHUHQWWHDPPHPEHUV
FDQFUHDWHGLIIHUHQWWUDQVODWLRQVDFURVVWKHLQFOXGHGDUWLFOHVDQGFRQVHTXHQWO\GHYHORSD
GLIIHUHQWWKHRUHWLFDORYHUYLHZFRPSDUHGZLWKRWKHUWHDPV9DOLGDWLRQZLWKLQDPHWDHWKQRJUDSK\
LVDERXWGHPRQVWUDWLQJULJRUWKURXJKDUHSHDWDEOHDQGV\VWHPDWLFSURFHVV7KLVKDVEHHQ
DFKLHYHGE\IROORZLQJ1REOLWDQG+DUH¶VVHYHQVWDJHSURFHVVDQGKDYLQJWZR
LQGHSHQGHQWWHDPPHPEHUVLQYROYHGLQHDFKVWDJHRIWKHSURFHVV
([SUHVVLQJWKH6\QWKHVLV
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
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7KHDLPRIWKHILQDOVWDJHRIWKHV\QWKHVLVZDVWRH[SUHVVLWLQDZD\WKDWFRPPXQLFDWHVWKH
ILQGLQJVWRLWVDXGLHQFHHIIHFWLYHO\7KLVLVUHIOHFWHGE\1REOLWDQG+DUHZKRVWDWHGWKDW³WKH
ZRUWKRIDQ\V\QWKHVLVLVLQLWVFRPSUHKHQVLELOLW\WRVRPHDXGLHQFH´S:HEHOLHYHWKDWZH
DFKLHYHGWKLVDLPE\SXEOLVKLQJDKLJKTXDOLW\SDSHULQWKH%ULWLVK-RXUQDORI3V\FKLDWU\)HDVW
2UUHOO&KDUOHVZRUWK0HOXQVN\3RODQG	0RQL]&RRNDQGDQDFFHVVLEOHEORJ
UHTXHVWHGE\WKH$WODVRI6FLHQFHKWWSDWODVRIVFLHQFHRUJXQGHUVWDQGLQJZK\EHKDYLRXUVDUH
FKDOOHQJLQJIRUGHPHQWLDIDPLO\FDUHUVPRUH
$GGLWLRQDO6WHSLQ0HWD(WKQRJUDSK\7KH8VHRI6HQVLWLYLW\$QDO\VHV
7RGLVFRYHUZKHWKHUWKHRXWFRPHRIWKHV\QWKHVLVDQGWKHOLQHRIDUJXPHQWDQDO\VLVZRXOGKDYH
EHHQGLIIHUHQWLIZHKDGLQFOXGHGDOOVWXGLHVHYHQWKRXJKWKH\ZHUHRIYDU\LQJTXDOLW\ZH
FRQGXFWHGDVHQVLWLYLW\DQDO\VLV$OOGDWDH[WUDFWHGZHUHH[DPLQHGDQGZHFRQGXFWHGDPHWD
HWKQRJUDSKLFV\QWKHVLVWRHQFRPSDVVDOOVWXGLHV:HLGHQWLILHGWKDWWKHDGGLWLRQDOWKHPH
FDWHJRULHVHJ³FDUHUVDUHPRVWFULWLFDOZKHQEHKDYLRUVDUHSHUFHLYHGWREHGHOLEHUDWH´DQG
³FDUHUVVWUXJJOHWRXQGHUVWDQGDQGDFFHSWFKDQJHLQWKHUHODWLRQVKLS´ZRXOGKDYHEHHQ
FUHDWHGGXULQJUHFLSURFDOV\QWKHVLVZLWKWKHLGHQWLILHGWKHPHVDQGVXEWKHPHVIURPWKHSRRU
DQGPRGHUDWHTXDOLW\VWXGLHV+RZHYHUWKHILQDOWKLUGRUGHUFRQVWUXFWV³IHHOLQJEHUHIW´DQG
³PLVXQGHUVWDQGLQJVDERXWEHKDYLRUGXHWRSHUFHLYHGWUDQVJUHVVLRQVDJDLQVWVRFLDOQRUPV´
ZHUHLGHQWLILHGVROHO\WKURXJKWKHV\QWKHVLVRIKLJKTXDOLW\VWXGLHVDQGZRXOGKDYHUHPDLQHG
WKHVDPHLIWKHZLGHUVDPSOHRIVWXGLHVZHUHLQFOXGHG:HEHOLHYHWKDWWKLVLVEHFDXVHWKH
WKLUGRUGHUFRQVWUXFWVVWLOOUHSUHVHQWWKHLQIRUPDWLRQUHSRUWHGLQWKHSRRUDQGPRGHUDWHTXDOLW\
VWXGLHVDQGVXEVHTXHQWO\VRGRHVWKHUHVXOWLQJOLQHRIDUJXPHQW
2XUVWXG\SUHVHQWHGLQWKLVFDVHVWXG\VXSSRUWVWKHREVHUYDWLRQRI&DPSEHOODQGFROOHDJXHV
WKDWZHDNVWXGLHVLQTXDOLWDWLYHV\QWKHVHVFRQWULEXWHPLQLPDOO\WRDQ\V\QWKHVLV+RZHYHUWKH
H[HPSODUV\QWKHVLVLQFOXGHGTXDQWLWDWLYHDVZHOODVTXDOLWDWLYHVWXGLHVDQGWKHUHLVQR
HVWDEOLVKHGPHWKRGRIXVLQJDIRUPRIVHQVLWLYLW\DQDO\VLVIRUWKLVDSSURDFK
/HVVRQV/HDUQHG
7KHIROORZLQJWKUHHNH\DUHDVZKLFKPXVWEHXQGHUVWRRGWRFRQGXFWDPHWDHWKQRJUDSK\0RVW
LPSRUWDQWO\LWLVFUXFLDOWREHDZDUHRIWKHSRWHQWLDOFKDOOHQJHVZKLFKFDQRFFXUZKHQ
V\QWKHVL]LQJGLYHUVHW\SHVRIGDWDSULRUWRVWDUWLQJ\RXUPHWDHWKQRJUDSK\)XUWKHUPRUHLWLV
DGYDQWDJHRXVWRXVHDTXDOLW\DSSUDLVDOIRUWKHUHGXFWLRQRILQFOXGHGVWXGLHVDQGILQDOO\D
VHQVLWLYLW\DQDO\VLVFDQEHHPSOR\HGWRGHWHUPLQHKRZWKHXVHRIDTXDOLW\DSSUDLVDOFDQLPSDFW
RQWKHOLQHRIDUJXPHQW
6\QWKHVLVRI4XDOLWDWLYHDQG4XDQWLWDWLYH6WXGLHV
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
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3ULRUWRFRQGXFWLQJDPHWDHWKQRJUDSK\ZHXUJHIXWXUHUHYLHZHUVXVLQJWKLVPHWKRGRORJ\WR
HQVXUHWKDWWKHLUUHVHDUFKTXHVWLRQFDQEHDQVZHUHGE\H[WUDFWLQJILUVWRUGHUDQGVHFRQGRUGHU
FRQVWUXFWVIURPTXDQWLWDWLYHDQGPL[HGPHWKRGVWXGLHV:HUHFRPPHQGFDUU\LQJRXWDVFRSLQJ
VHDUFKDQGWULDOGDWDH[WUDFWLRQWRLGHQWLI\OLNHO\DUWLFOHVDQGDVVHVVILUVWKRZHDVLO\WKHGDWDFDQ
EHH[WUDFWHGIURPTXDQWLWDWLYHDUWLFOHVDQGVHFRQGZKHWKHUDUWLFOHVDUHKHDYLO\ZHLJKWHG
WRZDUGWKHFRPPRQDVVHVVPHQWVTXHVWLRQQDLUHVXVHGLQWKHLQFOXGHGVWXGLHVVXFKDVWKH
1HXURSV\FKLDWULF,QYHQWRU\,ISUREOHPDWLFLWPLJKWEHQHFHVVDU\WRXVHDGLIIHUHQW
PHWKRGRORJ\IRUWKHV\QWKHVLV
)HZUHVHDUFKHUVKDYHH[SODLQHGFOHDUO\KRZWKH\KDYHLQWHJUDWHGTXDQWLWDWLYHHYLGHQFHLQWRD
TXDOLWDWLYHV\QWKHVLV'L[RQ:RRGHWDO:HUHFRPPHQGIROORZLQJWKHH[DPSOHRIWKLV
FDVHVWXG\DQGWKHDSSURDFKE\(OL]DEHWK%DUOH\DQGFROOHDJXHVZKLFKSURYLGHJXLGDQFHRQ
KRZWRRUJDQL]HWKHLQFOXGHGVWXGLHVSULRUWRGDWDH[WUDFWLRQDQGWUDQVODWLRQKRZWRDJUHHRQ
DSSURDFKHVWRH[WUDFWLQJGDWDIURPTXDQWLWDWLYHVWXGLHVLQDGYDQFHDQGKRZWRIROORZWKH
JXLGDQFHRQV\QWKHVL]LQJTXDOLWDWLYHDQGTXDQWLWDWLYHILQGLQJV
)LQGLQJWKH%DODQFH%HWZHHQ4XDOLW\DQG4XDQWLW\
7KHUHODWLYHLPSRUWDQFHJLYHQWRVWXG\TXDOLW\ZKHQLQFOXGLQJVWXGLHVZLWKLQDQ\V\QWKHVLVKDV
EHHQGHEDWHG'L[RQ:RRGHWDOZLWKRQO\DVPDOOPLQRULW\RIUHVHDUFKHUVDVVHVVLQJ
WKHTXDOLW\RILQGLYLGXDOVWXGLHVDVDSUHFXUVRUWRDPHWDHWKQRJUDSKLFV\QWKHVLV
'HVSLWHWKLVGHEDWHGLVVXHGXULQJRXUFDVHVWXG\ZHVXFFHVVIXOO\HPSOR\HGTXDOLW\DSSUDLVDOV
WRUHGXFHWKHQXPEHURILQFOXGHGVWXGLHVWRNHHSWKHVRFLRFXOWXUDOFRQWH[WRIHDFKVWXG\DOLYH
ZKLFKLVDNH\UHFRPPHQGDWLRQPDGHE\H[SHUWVLQWKHPHWDHWKQRJUDSKLFDODSSURDFK
:HVWUHVVWRIXWXUHUHYLHZHUVWKDWLI\RXUHOLJLELOLW\FULWHULDDUHOLNHO\WRUHWXUQDODUJHDPRXQWRI
LQFOXGHGVWXGLHVLVLPSRUWDQWWRGLVFXVVZLWKWKHZLGHUUHYLHZWHDPZKHWKHU\RXZRXOGZLVKWR
LPSRVHDTXDOLW\FULWHULDWRPDNHWKHV\QWKHVLVPRUHPDQDJHDEOH:HUHFRPPHQGWKDW\RX
LGHQWLI\KRZPDQ\VWXGLHVDUHOLNHO\WREHLQFOXGHGFRQVXOWZLWKPHWDHWKQRJUDSKLFDOH[SHUWV
DQGDJUHHXSRQWKHXVHRITXDOLW\DSSUDLVDOVZLWKWKHUHYLHZWHDPZKHQZULWLQJ\RXUSURWRFRO
7KH,PSDFWRI,QFOXGLQJ3RRU4XDOLW\6WXGLHV
'XHWRRXUGHFLVLRQWRLPSRVHDTXDOLW\FULWHULDDQGVXEVHTXHQWO\H[FOXGHSRRUDQGPHGLXP
TXDOLW\VWXGLHVWRPDQDJHWKHDPRXQWRILQFOXGHGVWXGLHVZHZDQWHGWRDVFHUWDLQLILQFOXGLQJ
SRRUDQGPHGLXPTXDOLW\VWXGLHVZRXOGKDYHDIIHFWHGWKHOLQHRIDUJXPHQW
6HQVLWLYLW\DQDO\VHVDUHFRPPRQLQTXDQWLWDWLYHPHWDDQDO\VHVDQGDUHXVHGWRGHWHUPLQHLI
WKHILQGLQJVDUHUREXVWWRWKHPHWKRGXVHGWRREWDLQWKHP,QWKHDEVHQFHRIJXLGDQFHIRU
6$*(5HVHDUFK0HWKRGV&DVHV3DUW6$*(
6$*(3XEOLFDWLRQV/WG$OO5LJKWV5HVHUYHG
8VLQJ0HWD(WKQRJUDSK\WR6\QWKHVL]H5HOHYDQW6WXGLHV&DSWXULQJWKH
%LJJHU3LFWXUHLQ'HPHQWLD:LWK&KDOOHQJLQJ%HKDYLRU:LWKLQ)DPLOLHV
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XVLQJDVHQVLWLYLW\DQDO\VLVLQTXDOLWDWLYHV\QWKHVHVZHUHFRPPHQGWKHXVHRIRXUPHWKRGWR
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